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POWER MANAGEMENT DEVICE AND
POWER MANAGEMENT METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation application of
U.S. patent application Ser. No. 15/697,576, filed Sep. 7,
2017, which 1s a continuation of U.S. patent application Ser.
No. 14/248,857, filed Apr. 9, 2014, now U.S. Pat. No.
9,766,639, which 1s a divisional application of Ser. No.
13/207,968, filed Aug. 11, 2011, now U.S. Pat. No. 8,731,
731, and claims the benefit of priority from prior Japanese
Priority Patent Application JP 2010-190925 filed 1n the
Japan Patent Oflice on Aug. 27, 2010, the entire content of
which 1s hereby incorporated by reference.

BACKGROUND

The present disclosure relates to a power management
device and a power management method. Devices that can
teed power to other devices and devices that can receive
power from other devices via standardized connectors such
as devices connected via a USB (Umiversal Serial Bus) are
now in widespread use.

SUMMARY

When devices are connected via a standardized connector
as described above, there 1s a possibility that a device for
feeding power (heremaiter also referred to as a “feeding
device”) whose current capacity varies from device to
device may be connected to a device for receiving power
(heremaftter also referred to as a “receiving device”). Feed-
ing devices vary in their maximum load currents that can be
supplied to recerving devices (1.e., feeding ability) depend-
ing on the specifications (e.g., current capacity and voltage)
of devices that constitute the feeding devices. The maximum
load current herein refers to the maximum load current of a
load current, with which a protection circuit for protecting a
teeding device from damage will not work (when a protec-
tion circuit 1s provided), or the maximum load current of a
load current that will not cause damage to the feeding device
(when a protection circuit 1s not provided).

That 1s, when devices are connected via a standardized
connector as described above, there 1s a possibility that a
feeding device whose load current that can be stably
extracted by a recerving device (load current that does not
exceed the maximum load current) 1s unknown may be
connected to the receiving device. This 1s true for not only
a case 1n which devices are connected via a standardized
connector but also a case 1n which devices are connected via
a nonstandardized connector. This 1s because there may be
both cases in which, for example, a feeding device (a
genuine feeding device) that has been manufactured by the
same manufacturer or the like of a receiving device and thus
corresponds to the receiving device 1s connected to the
receiving device, and a feeding device (a so-called third-
party manufactured feeding device) that has been manufac-
tured by a third party diflerent from the manufacturer or the
like of a receiving device 1s connected to the receiving
device.

Accordingly, 1n order to prevent damage to the feeding
device that can occur 1f an excessive load 1s applied to the
teeding device, and to prevent an interruption of power
teeding to the recerving device that can occur 1f a protection
circuit of the feeding device 1s activated, for example, it 1s
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necessary to control a load current extracted from the
teeding device (e.g., to perform power management).

As the aforementioned power management method, the
following method can be given, for example: monitoring a
voltage input from the connected feeding device (hereimnafter
referred to as an “mput voltage”) and controlling a load
current extracted from the feeding device on the basis of a
comparison between the mput voltage and a predetermined
voltage-related threshold. More specifically, as the afore-
mentioned power management method, the following
method can be given, for example: determiming that, when
the mput voltage has become less than or equal to a fixed
voltage-related threshold (or has become less than the
threshold), an excessive load has started to be applied to the
teeding device, and controlling the load current so that the
input voltage becomes greater than the fixed voltage-related
threshold (or becomes greater than or equal to the threshold).

However, as there 1s a possibility that, for example, a
teeding device whose output voltage varies from device to
device may be connected to a recerving device as described
above, the receiving device may not always be able to
determine 11 an excessive load has started to be applied to the
teeding device on the basis of a comparison between an
input voltage and a fixed voltage-related threshold. Accord-
ingly, even when the aforementioned power management
method 1s used, there 1s a possibility that a larger load
current may not be able to be stably extracted from the
teeding device.

In light of the foregoing, it 1s desirable to provide a power
management device and power management method, which
are novel and improved, and which allow a larger load
current to be stably extracted from a feeding device.

According to an embodiment of the present disclosure,
there 1s provided a power management device including a
load current control unit configured to set an upper limit on
a load current supplied from a feeding device that 1s con-
nected to the power management device and to control the
load current on the basis of the set upper limit, and a
determination unit configured to, when the load current
control unit has reset the upper limit to a higher value,
determine 11 the upper limit has exceeded a current capacity
of the feeding device on the basis of a voltage drop level of
an input voltage mput from the feeding device. The load
current control unit may reset the upper limit 1n increments
or decrements of a predetermined value when changing the
set upper limit, and the load current control unit may, when
the determination unit has determined that the upper limit
had exceeded the current capacity of the feeding device,
control the load current by resetting the upper limit to a
value not exceeding the current capacity.

According to the atorementioned configuration, a larger
load current can be stably extracted from a feeding device.

The power management device may further include a
power supply administration unit configured to manage
power supply to the power management device or to the
power management device and an external device. The load
current control unit may compare the set upper limit with a
total amount of current transmitted from the power supply
administration umit, the total amount of current representing
a total sum of current needed by the power management
device or by the power management device and the external
device. The load current control unit may increase the upper
limit 11 the total amount of current 1s greater than the set
upper limit, and may not increase the upper limit 11 the total
amount of current 1s less than or equal to the set upper limat.

The load current control unit may separately set a time
taken to reset the upper limit to a lower value and a time
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taken to reset the upper limit to a higher value. The load
current control umit may, when resetting the upper limait to a
lower value, reset the upper limit 1n a shorter time than a
time taken to increase the upper limut.

The load current control unit may, when the determination
unit has determined that the upper limit had exceeded the
current capacity of the feeding device, reset the upper limait
to a value that 1s lower than the currently set upper limit by
the predetermined value.

The load current control unit may, aiter having reset the
upper limit when the determination unit had determined that
the upper limit had exceeded the current capacity of the
teeding device, not set an upper limait that 1s greater than the
reset upper limat.

The determination umit may, when the load current control
unit has reset the set upper limit to a higher value, calculate
a differential value between a first voltage drop level rep-
resenting a voltage drop level at the current reset and a
second voltage drop level representing a voltage drop level
at the previous reset, and the determination unit may, if the
differential value 1s greater than a predetermined threshold
or 1s greater than or equal to the predetermined threshold,
determine that the upper limit has exceeded the current
capacity of the feeding device.

According to another embodiment of the present disclo-
sure, there 1s provided a power management method 1nclud-
ing setting an upper limit on a load current supplied from a
connected feeding device and controlling the load current by
resetting the set upper limit in mcrements or decrements of
a predetermined value, and determining, when the set upper
limit has been reset to a higher value 1n the controlling step,
if the upper limit has exceeded a current capacity of the
teeding device on the basis of a voltage drop level of an
input voltage mput from the feeding device. In the control-
ling step, 1f the upper limit 1s determined to have exceeded
the current capacity of the feeding device 1n the determiming,
step, the load current 1s controlled by resetting the upper
limit to a value not exceeding the current capacity.

With the atforementioned method, a larger load current can
be stably extracted from the feeding device.

According to the present disclosure, a larger load current
can be stably extracted from a feeding device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are explanatory diagrams 1llustrating a
power management method based on a comparison between
an mput voltage and a fixed voltage-related threshold;

FIG. 2 1s an explanatory diagram illustrating the principle
of a determination related to a first power management
approach 1n accordance with an embodiment of the present
disclosure:

FIG. 3 1s an explanatory diagram illustrating an exem-
plary determination method for a power management device
in accordance with an embodiment of the present disclosure;

FIG. 4 1s an explanatory diagram 1illustrating an undesir-
able situation that can occur 1f the upper limit 1s adjusted to
a higher value without the actual load being checked;

FIG. 5 1s a flowchart showing an exemplary process
related to a second power management approach of a power
management device 1n accordance with an embodiment of
the present disclosure;

FIG. 6 1s a flowchart showing an exemplary process of
increasing a load current with a power management device
in accordance with an embodiment of the present disclosure;
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FIG. 7 1s an explanatory diagram illustrating a process
related to the second power management approach in accor-

dance with an embodiment of the present disclosure;

FIG. 8 1s a flowchart showing an exemplary process
related to a third power management approach of a power
management device 1 accordance with an embodiment of
the present disclosure;

FIG. 9 1s a flowchart showing an exemplary process of
reducing a load current with a power management device in
accordance with an embodiment of the present disclosure;

FIG. 10 1s an explanatory diagram 1llustrating a process
related to the third power management approach 1n accor-
dance with an embodiment of the present disclosure;

FIG. 11 1s a block diagram showing an exemplary con-
figuration of a power management device in accordance
with an embodiment of the present disclosure; and

FIG. 12 1s an explanatory diagram showing an exemplary
hardware configuration of a power management device in
accordance with an embodiment of the present disclosure.

(Ll

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

Hereinaftter, preferred embodiments of the present disclo-
sure will be described in detail with reference to the
appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements 1s omitted.

The description will be hereinaiter given 1n the following
order.

1. Approach 1n Accordance with Embodiment of the Present

Disclosure
2. Power Management Device in Accordance with Embodi-

ment of the Present Disclosure
3. Program 1n Accordance with Embodiment of the Present

Disclosure
(Approach in Accordance with Embodiment of the Present
Disclosure)

Prior to the description of the configuration of a power
management device (hereinafter also referred to as a “power
management device 100”) 1n accordance with an embodi-
ment of the present disclosure, a power management
approach 1n accordance with an embodiment of the present
disclosure will be described. Heremnafter, an example 1n
which the power management device 100 1s the aforemen-
tioned receiving device will be mainly described. However,
the power management device 100 1n accordance with the
embodiment of the present disclosure 1s not limited thereto,
and can be a power management IC (Integrated Circuit) that
1s built 1n a recerving device, for example. In addition, 1n the
tollowing description, a feeding device that 1s connected to
the power management device 100 may be retferred to as a
“feeding device 200.” Herein, the term “connected” 1n
accordance with the embodiment of the present disclosure
means that the power management device 100 and the
teeding device 200 are connected via a wire such as a cable
or are connected wirelessly. In addition, a process related to
the power management approach in accordance with the
embodiment of the present disclosure described below can

be construed as a process related to the power management
method in accordance with the embodiment of the present
disclosure.

As described above, there 1s a possibility that a feeding
device 200 whose stably extractable load current (load
current that does not exceed the maximum load current,
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heremnafter the same) varies from device to device may be
connected to the power management device 100. Thus,
when power feeding and reception are performed between
the connected feeding device 200 and the power manage-
ment device 100, undesirable situations such as those stated
in (a) to (d) below can occur as a load current that can be
stably extracted from the feeding device 200 by the power
management device 100 1s unknown.

(a) An excessive load can be applied to the feeding device
200, which 1n turn will cause excessive heat generation 1n
the feeding device 200 or burnout or damage of the feeding
device 200, for example.

(b) In a case in which the feeding device 200 has a
protection circuit, if an excessive load 1s applied to the
teeding device 200, the protection circuit will be activated,
which 1n turn will prevent the power management device
100 from extracting a load current from the feeding device
200.

(c) In a case 1n which the power management device 100
has an iternal power supply such as a battery, limiting a
load current to be extracted from the feeding device 200 by
the power management device 100 more than necessary will
prolong the charging time for the internal power supply.

(d) In a case 1n which the power management device 100
has an iternal power supply such as a battery, limiting a
load current to be extracted from the feeding device 200 by
the power management device 100 more than necessary will
make 1t impossible to drive the power management device
100 with the sole use of the load current, and thus the
internal power supply will start discharging.

Herein, as an example of a power management method for
preventing occurrence ol the aforementioned undesirable
situations, the following method can be given, as described
above: monitoring an input voltage with the power manage-
ment device 100 and controlling a load current extracted
from the feeding device 200 on the basis of a comparison
between the mput voltage and a predetermined voltage-
related threshold. FIGS. 1A and 1B are explanatory dia-
grams 1llustrating a power management method based on a
comparison between an input voltage and a fixed voltage-
related threshold. Herein, FIGS. 1A and 1B show an
example 1n which the fixed voltage-related threshold 1s set to
5.50 [V].

In a case 1 which a fixed voltage-related threshold 1s
provided to determine if an excessive load has started to be
applied to the feeding device 200, for example, it 1s deter-
mined that an excess load has started to be applied to the
teeding device 200 when the 1mput voltage has become less
than or equal to the fixed threshold (or has become less than
the threshold). When 1t 1s determined that an excessive load
has started to be applied to the feeding device 200, the
aforementioned load current 1s controlled so that the mput
voltage becomes greater than the fixed voltage-related
threshold (or becomes greater than or equal to the threshold).

Herein, as shown 1n FIG. 1A, if an input voltage of when
no excessive load 1s applied to the connected feeding device
200 (when a load current can be stably extracted) 1s greater
than the aforementioned fixed voltage-related threshold, for
example, the aforementioned determination can be per-
formed by using the aforementioned power management
method, without causing any particular problem. However,
there 1s a possibility that a feeding device 200 whose output
voltage (1.e., input voltage of the power management device
100) of when no excessive load 1s applied to the feeding
device 200 1s lower than the aforementioned fixed voltage-
related threshold as shown 1n FIG. 1B, for example, may be
connected to the power management device 100. In such a
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case, even 1 the aforementioned power management method
1s used, 1t would be difticult to determine 1 an excessive load
has started to be applied to the feeding device 200.

Thus, even when the aforementioned power management
method that uses a fixed voltage-related threshold 1s
employed, it would not be always possible to determine 11 an
excessive load has started to be applied to the feeding device
200 on the basis of a comparison between the mput voltage
and the fixed voltage-related threshold.

[1] First Power Management Approach

Thus, the power management device 100 1n accordance
with an embodiment of the present disclosure sets an upper
limit on a load current extracted from the feeding device
200, and resets (adjusts) the upper limit in increments/
decrements of a predetermined value. Then, the power
management device 100, upon resetting the upper limit to a
higher value, determines if the upper limit has exceeded the
current capacity ol the feeding device 200 (1.e., 1f an
excessive load has started to be applied to the feeding device
200) on the basis of a voltage reduction level (a voltage drop

level) of the input voltage that 1s input from the feeding
device 200.

More specifically, the power management device 100
monitors the input voltage, and calculates, upon resetting the
currently set upper limit to a higher value, the diflerential
value between a voltage drop level corresponding to the
current reset (a first voltage drop level) and a voltage drop
level corresponding to the previous reset (a second voltage
drop level). Then, the power management device 100, 11 the
differential value 1s greater than a predetermined threshold
related to the voltage drop level (or 1s greater than or equal
to the predetermined threshold, hereinafter the same), deter-
mines that the upper limit has exceeded the current capacity
of the feeding device 200. Herein, each time the power
management device 100 has reset the upper limit to a higher
value, for example, the power management device 100
performs the alorementioned determination by storing infor-
mation on the voltage drop level.

Principle of Determination Related to First Power
Management Approach

Hereinaftter, the principle of a determination related to the
first power management approach in accordance with an
embodiment of the present disclosure will be described.
FIG. 2 1s an explanatory diagram 1llustrating the principle of
a determination related to the first power management
approach in accordance with an embodiment of the present
disclosure. FIG. 2 shows an example 1n which the feeding
device 200 1s an AC (Alternating Current) adapter, and the
power management device 100 and the feeding device 200
are connected via a cable 300. Symbol “Vout” shown 1n FIG.
2 denotes a voltage output from the feeding device 200
(hereinafter referred to as an “output voltage™). In addition,
symbol “Vin” shown in FIG. 2 denotes an input voltage and
symbol “1” shown in FIG. 2 denotes a load current.

Herein, provided that the resistance of the cable 300 and
connectors and the like of the power management device
100 and the feeding device 200 is indicated by “R,” the
relationship between the mput voltage Vi and the output
voltage Vout can be represented by the following Formula 1,
for example.

Vin=Vout-(i"R) (Formula 1)
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Herein, as the resistance R in Formula 1 can be regarded
as being constant, the mput voltage will drop 1n proportion
to the load current 1 extracted from the feeding device 200
by the power management device 100. In addition, the
output voltage Vout 1s determined by the feeding ability such
as, for example, the power capacity of the feeding device
200. Thus, when an excessive load 1s applied to the feeding
device 200, for example, the output voltage Vout will drop.
Meanwhile, when an excessive load i1s not applied to the
teeding device 200, that 1s, when the upper limit does not
exceeded the current capacity of the feeding device 200, the
differential value of the voltage drop levels of when the
upper limit 1s increased by the aforementioned predeter-
mined value (by one level) remains in a constant range.
Thus, there 1s no possibility that the differential value will
exceed the predetermined threshold related to the voltage
drop level.

Accordingly, by monitoring the input voltage Vin and
determining 1f the differential value of the voltage drop
levels 1s greater than the predetermined threshold related to
the voltage drop level, the power management device 100
can determine if the upper limit has exceeded the current
capacity of the feeding device 200 regardless of the current
capacity of the connected feeding device 200. Although the
alforementioned description has illustrated an example 1n
which the power management device 100 and the feeding
device 200 are connected via a wire, even when the power
management device 100 and the feeding device 200 are
connected wirelessly, the power management device 100
can determine if the upper limit has exceeded the current
capacity of the feeding device 200 1n the same way as when
the power management device 100 and the feeding device
200 are connected via a wire.

FIG. 3 1s an explanatory diagram illustrating an exem-
plary determination method of the power management
device 100 1n accordance with an embodiment of the present
disclosure. As shown in FIG. 3, the power management
device 100 can determine that the upper limit has exceeded
the current capacity of the feeding device 200 by detecting
a sudden 1ncrease in the differential value AV of the voltage
drop levels.

In addition, the power management device 100, upon
determining that the upper limit has exceeded the current
capacity of the feeding device 200, controls the load current
by resetting the upper limit to a value not exceeding the
current capacity. More specifically, the power management
device 100, upon determining that the upper limit has
exceeded the current capacity of the feeding device 200,
controls the load current by resetting the upper limit to a
value that 1s lower than the currently set upper limit by the
alforementioned predetermined value (one level lower upper
limit). By controlling the load current by adjusting the upper
limit as described above, the power management device 100

can extract from the feeding device 200 the maximum load
current out of a load current that 1s extracted such that it does
not apply an excessive load to the feeding device 200.

Thus, by performing the process related to the first power
management approach, the power management device 100
can stably extract a larger load current from the feeding
device 200.

In addition, the power management device 100, after
having reset the upper limit upon determining that the upper
limit had exceeded the current capacity of the feeding device
200, need not set an upper limit that 1s higher than the reset
upper limit for the connected feeding device 200. By adjust-
ing the upper limit as described above, the power manage-
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ment device 100 can maintain a state 1n which no excessive
load 1s applied to the feeding device 200.

Herein, the power management device 100 keeps storing,
the aforementioned reset upper limit as the maximum upper
limit of the feeding device 200 until 1t becomes unnecessary
to extract a load current from the connected feeding device
200 such as, for example, when the power management
device 100 and the feeding device 200 are disconnected.
Then, the power management device 100 can, when having
the maximum upper limit stored therein, for example, per-
form the atorementioned control related to the upper limit by
not setting an upper limit that 1s higher than the stored
maximum upper limit. Note that 1t 1s needless to mention
that a process that 1s performed by the power management
device 100 1n resetting the upper limit upon determining that
the upper limit has exceeded the current capacity of the
teeding device 200 1s not limited to the example herein.

[2] Second Power Management Approach

The power management device 100 1n accordance with
the embodiment of the present disclosure can stably extract
a larger load current from the feeding device 200 by per-
forming the process related to the aforementioned first
power management approach. However, a process related to
the power management approach in accordance with the
embodiment of the present disclosure 1s not limited to the
process related to the aforementioned first power manage-
ment approach. Next, a second power management approach
in accordance with an embodiment of the present disclosure
will be described.

As described above, the power management device 100
manages power by, upon resetting the upper limit to a higher
value, determiming 1f the upper limit has exceeded the
current capacity of the feeding device 200 on the basis of a
voltage drop level of the mput voltage that 1s input from the
teeding device 200. Herein, if the power management device
100 has adjusted the upper limit to a higher value without
checking the actual load on the power management device
100 (or the power management device 100 and an external
device that the power management device 100 supplies
power 1o, hereinafter the same), there 1s a possibility that an
excessive load may be applied to the feeding device 200
upon increase 1n the actual load on the power management
device 100.

FIG. 4 1s an explanatory diagram 1llustrating an undesir-
able situation that can occur 11 the upper limit 1s adjusted to
a higher value without the actual load being checked.

As 1ndicated by symbol A i FIG. 4, when the total
amount of current, which represents the total sum of current
needed by the power management device 100 (“Requested
Current” that corresponds to the actual load on the power
management device 100), 1s not checked, there 1s a possi-
bility that an adjustment of increasing the upper limit
(“Current Limitation” 1n FIG. 4) may be performed even
after the upper limit has exceeded the total amount of
current. Herein, when the total amount of current is less than
the maximum value of a load current that can be stably
extracted from the feeding device 200, no excessive load
will be applied to the feeding device 200 even 1f the upper
limit 1s adjusted to a higher value. Therefore, there 1s a
possibility that even 1f the upper limit has exceeded a load
current, at the level of which an excessive load starts to be
applied to the feeding device 200, the diflerential value of
the voltage drop levels may not exceed a predetermined
threshold.
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When the aforementioned situation occurs, 1f the amount
of current (“System Current” 1n FIG. 4) that 1s required to

perform a process with the power management device 100
has increased as indicated by symbol B 1n FIG. 4, a load
current extracted from the feeding device 200 suddenly
increases 1n accordance with the upper limit, and the dif-
terential value of the voltage drop levels becomes greater
than the predetermined threshold to a large degree. As a
result, a sudden voltage drop 1n the input voltage (“Input
Voltage” 1n FIG. 4) occurs as indicated by symbol C 1n FIG.
4. When such a sudden voltage drop 1n the mnput voltage
occurs as indicated by symbol C mn FIG. 4, there 1s a
possibility that undesirable situations such as those stated in
(a) and (b) above may occur. Further, depending on the type
of the feeding devices 200, 11 a protection circuit thereof 1s
activated, 1t may be impossible to cancel the protection state
of the protection circuit unless the load current 1s once reset
to zero by, for example, disconnecting the feeding device
200 from the power management device 100. This, however,
could reduce the convenience for the user. In addition, in the
alorementioned case, the operation of the power manage-
ment device 100 1s diflicult to be continued unless the power
management device 100 has an internal power supply.
Further, even when the power management device 100 has
an iternal power supply, the operation of the power man-
agement device 100 1s diflicult to be continued unless the
internal power supply 1s charged.

Thus, the power management device 100 1n accordance
with an embodiment of the present disclosure adjusts the
upper limit to a higher value while checking the total amount
of current of the power management device 100 (i.e., the
actual load on the power management device 100) as a
process related to the second power management approach.
More specifically, the power management device 100 com-
pares the currently set upper limit with the total amount of
current. Then, the power management device 100, if the total
amount of current 1s greater than the currently set upper
limit, increases the upper limit, and 1t the total amount of
current 1s less than or equal to the currently set upper limiat,
does not increase the upper limat.

By adjusting the upper limit as described above, the
power management device 100 can accurately determine 11
the upper limit has exceeded the current capacity of the
teeding device 200 on the basis of a voltage drop level of the
input voltage. Thus, the power management device 100 can
stably extract a larger load current from the feeding device
200 by performing the process related to the second power
management approach.

Exemplary Process Related to Second Power
Management Approach

Hereinafter, the process related to the second power
management approach of the power management device 100
in accordance with the embodiment of the present disclosure
will be described more specifically. FIG. 5 1s a flowchart
showing an exemplary process related to the second power
management approach of the power management device 100
in accordance with an embodiment of the present disclosure.

The power management device 100 1nitializes a variable
Current_Limit, a variable Increase_end, a varniable AVypre,
and a variable Vpre (S100). The variable Current_Limuit
indicates the upper limit of a load current. In the following
description, the variable Current_Limit may also be referred

to as “upper limit Current Limit.” The mitial value

(START_CURRENT 1 FIG. 5) of the wvanable Cur-
rent_L.imit herein can be, for example, 400 [mA]. However,
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the 1nitial value of the variable Current [imit 1s not limited
thereto. The variable Increase _end indicates a type of flag

used to determine 11 the upper limit should be adjusted to a
higher value in step S104 (described below). In FIG. 5,
description will be given of an example 1n which the power
management device 100 determines that the upper limit
should not be adjusted to a higher value if the vanable
Increase_end 1s “1.” The vaniable AVpre and the vanable
Vpre are variables used in the process of step S106 (de-
scribed below).

After mitialing each variable 1n step S100, the power
management device 100 determines i the feeding device
200 has been connected thereto (S102). Herein, the power
management device 100 determines that the feeding device
200 has been connected thereto upon detecting an input
voltage from the connected feeding device 200. However,
the process of the power management device 100 in step
S102 in accordance with the embodiment of the present
disclosure 1s not limited thereto.

If the feeding device 200 1s not determined to have been
connected 1n step S102, the power management device 100
repeats the process from step S100. Note that a process that
1s performed by the power management device 100 when the
teeding device 200 1s not determined to have been connected
in step S102 1s not limited to the example herein. For
example, the power management device 100 1n accordance
with the embodiment of the present disclosure can selec-
tively perform the process of step S100 when a predeter-
mined time has elapsed from the previous initialization,
without performing the process of step S100 each time the
teeding device 200 15 not determined to have been connected
in step S102.

If the feeding device 200 i1s determined to have been
connected 1n step S102, the power management device 100
determines 1f the variable Increase_end 1s “1” (1f the upper
limit should not be adjusted to a higher value) (5104).

It the variable Increase end 1s determined to be “1” 1n
step S104, the power management device 100 repeats the
process from step S102.

Meanwhile, 11 the variable Increase_end 1s not determined
to be “1” 1n step S104, the power management device 100
performs a process of adjusting the upper limit to a higher
value (a process of increasing a load current) (5S106). Then,
the power management device 100 repeats the process from

step 5102.

Exemplary Process of Increasing Load Current 1n
Accordance with Embodiment of the Present
Disclosure

FIG. 6 1s a flowchart showing an exemplary process of
increasing a load current with the power management device
100 1n accordance with an embodiment of the present
disclosure.

The power management device 100 1nitializes a variable
ADC sum, a vaniable ADC timer, and a variable
ADC_number (S200). Herein, the variable ADC_sum 1ndi-
cates the sum of the input voltage (ADC value, hereinatter
the same). The variable ADC_timer 1s a varniable used to
determine 11 the upper limit should be adjusted 1n step S208
(described below), and indicates the actual time that has
clapsed from the start of the process of step S204 (described
below), for example. The variable ADC_number 1s a vari-
able used to calculate the average voltage in step S210
(described below).

After mitializing each variable in step S200, the power
management device 100 determines if a load 1s applied
(5202). Herein, the power management device 100 deter-




US 10,990,116 B2

11

mines that a load 1s applied i1 the total amount of current 1s
greater than the current upper limit. However, the process of
the power management device 100 in step S202 1n accor-
dance with the embodiment of the present disclosure 1s not
limited thereto.

If a load 1s not determined to be applied in step S202, the
power management device 100 terminates the process of
increasing a load current.

Meanwhile, 11 a load 1s determined to be applied in step
5202, the power management device 100 updates the vari-
able ADC_sum on the basis of the current mput voltage
detected (S204). After updating the variable ADC_sum 1n
step S204, the power management device 100 updates the
variable ADC_number (S206). Though not shown 1n FIG. 6,
the power management device 100 starts counting of the
variable ADC_timer in synchronization with the update of
the ADC_sum 1n step S204, for example. Note that the
timing for the power management device 100 1n accordance
with the embodiment of the present disclosure to start
counting the variable ADC_timer 1s not limited thereto. For
example, counting of the variable ADC_timer can be started
in synchronization with the determination that a load 1is
applied 1n step S202.

After updating the variable ADC_sum and the variable
ADC_number in steps S204 and S206, the power manage-
ment device 100 determines if the upper limit should be

adjusted on the basis of the value of the variable ADC_timer
and a preset value INC_ADC_TIME (5208). Herein, the

preset value INC_ADC_TIME related to step S208 can be,
for example, 100 [msec]. However, the value of the preset
value INC_ADC TIME i1s not limited thereto. Note that the
process of step S208 1s not limited to the process shown in
FIG. 6. For example, the power management device 100 can
implement the process of step S208 by determining if the
variable ADC_timer 1s less than or equal to the preset value
INC_ADC_TIME.

If 1t 1s not determined that the upper limit should be
adjusted 1n step S208, the power management device 100
repeats the process from S202.

Meanwhile, 11 1t 1s determined that the upper limit should
be adjusted 1n step S208, the power management device 100
calculates the average voltage V of the input voltage on the
basis of the variable ADC_ sum and the variable ADC num-
ber (S210). In addition, the power management device 100
calculates the diferential value AV of the mput voltage on
the basis of the average voltage V and the variable Vpre
(S212). After calculating the differential value AV 1n step
5212, the power management device 100 updates the vari-
able Vpre to the average voltage V calculated 1n step S210
(S214).

After updating the variable Vpre in step S214, the power
management device 100 determines 11 the differential value
AV 1s greater than or equal to a predetermined threshold
(S216). The process of step S216 corresponds to the process
related to the aforementioned first power management
approach. Note that the process of step S216 1s not limited
to the process shown in FIG. 6. For example, the power
management device 100 can implement the process of step
S216 by determining 1f the differential value AV 1s greater
than a predetermined threshold.

FIG. 6 shows an example in which the power manage-
ment device 100 performs a determination using a threshold
(AVpre-DELTA_V), which i1s based on the variable AVpre
and a preset value DELTA_V, as the atorementioned thresh-
old. The preset value DELTA_V can be, for example, “2.”
However, the preset value DELTA_V 1n accordance with the
embodiment of the present disclosure 1s not limited thereto.
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By performing the process of step S216 using a threshold
that 1s based on the vanable AVpre and the preset value
DELTA_V as described above, the power management
device 100 can determine a sudden increase in the difler-
ential value AV. Note that the predetermined threshold used
for the power management device 100 1n accordance with
the embodiment of the present disclosure to perform the
process of step S216 1s not limited to the example herein. For
example, the power management device 100 can set a fixed
threshold related to a voltage drop level and perform the
process of step S216 using the fixed threshold related to the
voltage drop level.

If the differential value AV 1s not determined to be greater
than or equal to the predetermined threshold i step S216,
the power management device 100 updates the variable
AVpre to the differential value AV calculated 1n step S212
(S218).

After updating the variable AVpre 1n step S218, the power
management device 100 determines 1f the currently set
upper limit Current_Limit 1s greater than or equal to the
maximum value of the upper Imit MAX CUR-
RENT_LIMIT (S220). The maximum value of the upper
limit MAX_CURRENT_LIMIT herein can be, for example,
1500 [mA]. However, the maximum value of the upper limait
MAX CURRENT LIMIT in accordance with the embodi-
ment of the present disclosure 1s not limited thereto. Note
that the power management device 100 can implement the
process of step S220 by determining 1f, for example, the
currently set upper limit Current_Limit 1s greater than the
maximum value of the upper Imit MAX CUR-
RENT_LIMIT.

If the upper limit Current_Limait 1s not determined to be
greater than or equal to the maximum value of the upper
limit MAX_CURRENT_LIMIT 1n step S220, the power
management device 100 adjusts the upper limit Cur-
rent Limit to a higher wvalue by a preset wvalue
CURRENT_STEP (5222). Then, the power management
device 100 terminates the process of increasing a load
current. The process of step S222 herein corresponds to a
process of setting the upper limit Current_Limit to a higher
value by one level (by a predetermined value). The preset
value CURRENT_STEP can be, for example, 100 [mA].
However, the preset value CURRENT_STEP 1n accordance
with the embodiment of the present disclosure 1s not limited
thereto.

Meanwhile, 1f the upper limit Current_Limit 1s deter-
mined to be greater than or equal to the maximum value of
the upper limit MAX_CURRENT_LIMIT 1n step S220, the
power management device 100 updates the variable Increa-
se_end to “1” (a value for not adjusting the upper limit to a
higher value) (S226). Then, the power management device
100 terminates the process of increasing a load current.

I1 the differential value AV 1s not determined to be greater
than or equal to the predetermined threshold i step S216,
the power management device 100 performs the aforemen-
tioned processes of steps S218 to S222 and S226.

Meanwhile, 11 the differential value AV 1s determined to
be greater than or equal to the predetermined threshold in
step S216, the power management device 100 adjusts the
upper limit Current_Limit to a lower value by the preset
value CURRENT_STEP (8224). Herein, the process of step
S224 corresponds to a process of setting the upper limit
Current_Limit to a lower value by one level (by a prede-
termined value).

After adjusting the upper limit Current_Limit to a lower
value by the preset value CURRENT_STEP in step S224,

the power management device 100 updates the variable
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Increase_end to 17 (a value for not adjusting the upper limait
to a higher value) (5226). Then, the power management

device 100 terminates the process of increasing a load
current.

The power management device 100 can control a load
current by adjusting the upper limit through the process
shown 1n FIG. 6, for example. Herein, the process of step
5216 shown 1n FIG. 6 corresponds to the process related to
the aforementioned first power management approach. In
addition, as the power management device 100 performs the
processes of steps S204 to S226 after determining the actual
load 1 step S202, 1t 1s possible to prevent an undesirable
situation that can occur it the upper limit 1s adjusted to a
higher value as shown 1n FIG. 4.

The power management device 100 can implement the
process related to the second power management approach
by performing the processes shown in FIGS. 5 and 6, for
example. Thus, the power management device 100 can
stably extract a larger load current from the feeding device
200 by performing the processes shown 1n FIGS. 5 and 6, for
example. Note that it 1s needless to mention that the process
related to the second power management approach 1n accor-
dance with the embodiment of the present disclosure 1s not
limited to the processes shown 1n FIGS. 5 and 6.

FIG. 7 1s an explanatory diagram 1llustrating the process
related to the second power management approach in accor-
dance with an embodiment of the present disclosure.

As described above, the power management device 100
adjusts the upper limit (“Current_Limitation” in FIG. 7)
alter checking the total amount of current (“Requested
Current” that corresponds to the actual load on the power
management device 100). Thus, when the total amount of
current 1s not greater than the upper limit as indicated by
symbol D 1n FIG. 7, the power management device 100 does
not increase the upper limit. Accordingly, the power man-
agement device 100 can prevent undesirable situations that
can occur if the upper limit 1s adjusted to a higher value as
shown 1n FIG. 4.

Meanwhile, when the total amount of current has become
greater than the upper limit as indicated by symbol E 1n FIG.
7, the power management device 100 increases the upper
limit 1n mcrements of one level (in mncrements of a prede-
termined value). Then, the power management device 100
determines 1f the upper limit has exceeded the current
capacity of the feeding device 200 (1.e., 1T an excessive load
has started to be applied to the feeding device 200) on the
basis of a voltage drop level of the input voltage. It the upper
limit 1s determined to have exceeded the current capacity of
the feeding device 200, the power management device 100
adjusts the upper limit as indicated by symbol F 1n FIG. 7
(which corresponds to the process related to the aforemen-
tioned first power management approach).

Accordingly, through the process related to the second
power management approach, the power management
device 100 can prevent undesirable situations that can occur
if the upper limit 1s adjusted to a higher value as shown 1n
FIG. 4, and can stably extract a larger load current from the
teeding device 200.

[3] Third Power Management Approach

The power management device 100 1n accordance with
the embodiment of the present disclosure can stably extract
a larger load current from the feeding device 200 by per-
forming the process related to the aforementioned {irst
power management approach or the process related to the
alforementioned second power management approach. How-
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ever, a process related to the power management approach
in accordance with the embodiment of the present disclosure
1s not limited to the process related to the alforementioned
first power management approach and the process related to
the aforementioned second power management approach.
Next, a third power management approach 1n accordance
with an embodiment of the present disclosure will be
described.

When the feeding device 200 1s an AC adapter and the
teeding device 200 outputs an output voltage based on a
commercial power supply, for example, there may be cases
in which the same load current 1s difhicult to be extracted
from the feeding device 200 depending on the circumstances
such as a temperature rise of the feeding device 200 and the
ambient temperature of the feeding device 200. Thus, the
power management device 100 in accordance with the
embodiment of the present disclosure adjusts the upper limait
by monitoring the input voltage as described above. Herein,
iI a response time taken for the power management device
100 to increase the upper limit (1.e., to increase a load
current) and a response time taken for the power manage-
ment device 100 to reduce the upper limit (1.e., to reduce a
load current) are constant, there 1s a possibility that an
excessive load may be applied to the feeding device 200
upon occurrence of a fluctuation 1n the mput voltage, for
example.

Thus, as a process related to the third power management
approach, the power management device 100 prevents an
excessive load from being applied to the feeding device 200
as described above by varying the response time taken to
increase the upper limit and the response time taken to
reduce the upper limit. More specifically, when setting the
upper limit to a lower value, the power management device
100 sets the upper limit 1n a shorter time than the time taken
to set the upper limit to a higher value, thereby setting the
response time taken to reduce the upper limit to be shorter
than the response time taken to increase the upper limit. That
1s, by performing the process related to the third power
management approach, the power management device 100
can more slowly and carefully set the upper limit when

increasing the upper limit and can more quickly set the upper
limit when reducing the upper limat.

Exemplary Process Related to Third Power
Management Approach

Heremaftter, the process related to the third power man-
agement approach of the power management device 100 1n
accordance with an embodiment of the present disclosure
will be described more specifically. FIG. 8 1s a flowchart
showing an exemplary process related to the third power
management approach of the power management device 100
in accordance with an embodiment of the present disclosure.

The power management device 100 initializes the variable
Current_Limit, the wvariable Increase end, the wvariable
AVpre, and the variable Vpre as m step S100 of FIG. 5
(S300).

After mmitializing each variable in step S300, the power
management device 100 determines i the feeding device
200 has been connected thereto as 1n step S102 of FIG. 5
(5302).

If the feeding device 200 1s not determined to have been
connected 1n step S302, the power management device 100
repeats the process from step S300 as in the case 1n which
the feeding device 200 1s not determined to have been

connected 1n step S102 of FIG. §.
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Meanwhile, 1f the feeding device 200 1s determined to
have been connected 1n step S302, the power management

device 100 determines 11 the variable Increase_end 1s “17” (if
the upper limit should not be adjusted to a higher value) as
in step S104 of FIG. 5 (58304).

[f the variable Increase end 1s not determined to be “1” 1n
step S304, the power management device 100 performs a
process of adjusting the upper limit to a higher value (a
process of increasing a load current) as 1n step S106 of FIG.
5 (S306). Then, the power management device 100 repeats
the process from step S302.

Meanwhile, 1f the variable Increase _end 1s determined to
be “1” 1 step S304, the power management device 100
performs a process of adjusting the upper limit to a lower
value (a process of reducing a load current) (S308). Then,

the power management device 100 repeats the process from
step S302.

Exemplary Process of Reducing Load Current 1n
Accordance with Embodiment of the Present
Disclosure

FIG. 9 1s a flowchart showing an exemplary process of
reducing a load current with the power management device
100 1n accordance with an embodiment of the present
disclosure.

The power management device 100 determines it the
currently set upper limit Current_Limait 1s greater than or

equal to the minimum value of the upper limit MIN_CUR -
RENT_LIMIT (8400). The minimum value of the upper

limit MIN_CURRENT_LIMIT herein can be, for example,
500 [mA]. However, the minimum value of the upper limit
MIN CURRENT LIMIT in accordance with the embodi-
ment of the present disclosure 1s not limited to the example
herein. Note that the power management device 100 can
implement the process of step S400 by determining if the
currently set upper limit Current_Limit 1s greater than the
mimmum value of the upper limit MIN_CUR-
RENT_LIMIT.

If the upper limit Current_Limit 1s not determined to be
greater than or equal to the minimum value of the upper limait
MIN_CURRENT_LIMIT 1n step S400, the power manage-
ment device 400 terminates the process of reducing a load
current.

Meanwhile, 11 the upper limit Current_Limit 1s deter-
mined to be greater than or equal to the minimum value of
the upper limit MIN_CURRENT_LIMIT 1n step S400, the
power management device 100 imtializes the variable
ADC sum, the wvariable ADC timer, and the wvariable
ADC_timer as 1n step S200 of FIG. 6 (5402).

After mitializing each variable 1n step S402, the power
management device 100 updates the variable ADC_sum on
the basis of the current input voltage detected as 1n step S204
of FIG. 6 (S404). Then, after updating the vanable
ADC_sum 1n step S404, the power management device 100
updates the variable ADC_number as 1n step S206 of FIG.
6 (S406). Though not shown 1n FIG. 9, the power manage-
ment device 100 starts counting of the vaniable ADC_timer
in synchronization with the update of the variable ADC_sum
in step S404, for example.

After updating the variable ADC_sum and the variable
ADC_number in steps S404 and S406, the power manage-
ment device 100 determines if the upper limit should be
adjusted on the basis of the value of the variable ADC_timer
and a preset value DEC_ADC_TIME (S408). Herein, i1 the
preset value INC_ADC_TIME 1s 100 [msec], for example,
the preset value DEC_ADC_TIME related to step S408 can
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be 50 [msec]. However, the preset value DEC_ADC_TIME
1s not limited to the example herein. For example, the
process ol step S408 can be performed using any preset
value DEC_ADC_TIME that 1s less than the preset value
INC_ADC_TIME and 1s greater than zero. In addition, the

process of step S408 1s not limited to the process shown in
FIG. 9. For example, the power management device 100 can
implement the process of step S408 by determining 1if the
value of the variable ADC_timer 1s less than or equal to the
preset value DEC_ADC_TIME.

If 1t 1s not determined that the upper limit should be
adjusted 1n step S408, the power management device 100
repeats the process from step S404.

Meanwhile, 11 1t 1s determined that the upper limit should
be adjusted 1n step S408, the power management device 100
calculates the average voltage V of the mput voltage on the
basis of the variable ADC sum and the variable ADC num-

ber as 1n step S210 of FIG. 6 (5410).

After calculating the average voltage V in step S410, the
power management device 100 determines if the average
voltage Vis less than the variable Vpre (5412). Note that the
process of step S412 1s not limited to the process shown 1n
FIG. 9. For example, the power management device 100 can
implement the process of step S412 by determining if the
average voltage V 1s less than or equal to the variable Vpre.

If the average voltage Vis not determined to be less than
the vaniable Vpre in step S412, the power management
device 100 terminates the process of reducing a load current.

Meanwhile, 11 the average voltage V 1s determined to be
less than the variable Vpre 1n step S412, the power man-
agement device 100 adjusts the upper limit Current_Limit to

a lower value by the preset value CURRENT_STEP as 1n
step S224 of FIG. 6 (S414). Then, the power management
device 100 terminates the process of reducing a load current.

The power management device 100 can control a load
current by adjusting the upper limit through the process
shown 1n FIG. 9, for example. Herein, the power manage-

ment device 100 determines if adjustment of the upper limit
should be started using the preset value DEC_ADC_TIME
that 1s lower than the preset value INC_ADC_TIME. Thus,

as the power management device 100 can, in setting the
upper limit to a lower value, set the upper limit 1n a shorter
time than the time taken to set the upper limit to a higher
value, 1t 1s possible to set the response time taken to reduce
the upper limit to be shorter than the response time taken to
increase the upper limut.

As the power management device 100 can implement the
process related to the third power management approach by
performing the processes shown 1n FIG. 8 and FIG. 9, for
example, 1t 1s possible to prevent an excessive load from
being applied to the feeding device 200 upon occurrence of
a fluctuation in the 1nput voltage, for example. In addition,
as the process shown 1n FIG. 8 includes a similar process to
that of the second power management approach shown in
FIG. 5, the power management device 100 can exert a
similar advantageous eflect to that when the process related
to the second power management approach shown in FIG. 5
1s performed.

Therefore, the power management device 100 can stably
extract a larger load current from the feeding device 200 by
performing the processes shown i FIGS. 8 and 9, for
example. Note that 1t 1s needless to mention that the process
related to the third power management approach 1n accor-
dance with the embodiment of the present disclosure 1s not
limited to the processes shown 1n FIGS. 8 and 9.
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FIG. 10 1s an explanatory diagram illustrating the third
power management approach 1n accordance with an embodi-
ment of the present disclosure.

The power management device 100 can, when a fluctua-
tion in the mput voltage occurs as indicated by symbol G 1n
FIG. 10, reduce the upper limit as indicated by symbol H 1n
FIG. 10 1n a shorter time than when increasing the upper
limit as indicated by symbol E 1n FIG. 7. Accordingly, the
power management device 100 can prevent an excessive

load from being applied to the feeding device 200, and can
turther reduce the possibilities that undesirable situations

such as those stated in (a) and (b) above may occur due to
an excessive load being applied to the feeding device 200.

Power Management Device in Accordance with
Embodiment of the Present Disclosure

Next, an exemplary configuration of the power manage-
ment device 100 that can implement the process related to
the power management approach in accordance with the
alorementioned embodiment of the present disclosure will
be described. FIG. 11 1s a block diagram showing an
exemplary configuration of the power management device
100 1n accordance with an embodiment of the present
disclosure. FIG. 11 also shows the feeding device 200 and
the cable 300.

The power management device 100 includes a connection
unit 102, an internal power supply 104, a power manage-
ment unit 106, a control unit 108, a communication unit 110,
an operation unit 112, and a display unit 114.

The power management device 100 can also include
ROM (Read Only Memory; not shown), RAM (Random
Access Memory; not shown), a storage unit (not shown), and
the like. The components of the power management device
100 are connected via buses as data transmission channels,
for example. Herein, the ROM (not shown) stores control
data such as programs and operation parameters used by the
control umit 108, for example. The RAM (not shown)
temporarily stores programs executed by the control unit
108, for example.

The storage unit (not shown) 1s storage means of the
power management device 100, and stores various data such
as applications. The storage unit (not shown) herein can be,
for example, a magnetic recording medium such as a hard
disk; or nonvolatile memory such as EEPROM (Electrically
Erasable and Programmable Read Only Memory), flash
memory, MRAM (Magnetoresistive Random Access
Memory), FeRAM (Ferroelectric Random Access Memory),
or PRAM (Phase change Random Access Memory). In
addition, the power management device 100 can also
include a storage unmit (not shown) configured to be remov-
able from the power management device 100.

Exemplary Hardware Configuration of Power
Management Device 100

FIG. 12 1s an explanatory diagram showing an exemplary
hardware configuration of the power management device
100 1n accordance with an embodiment of the present
disclosure. Referring to FIG. 12, the power management

device 100 includes, for example, a USB Connector 150, a
USB PHY 152, a DC IN Jack 154, a PMIC 156, a Battery

158, a CPU 160, a mDDR 162, a NAND Flash 164, a
Wireless Module 166, an antenna 168, a Key Button 170, a
TPC 172, a Touch Panel 174, an EPD Controller 176, an
EPD Panel 178, an Audio Codec 180, and an HP Jack 182.
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Each of the USB Connector 150 and the DC IN Jack 154
1s connection means provided for the power management
device 100 to connect to the feeding device 200 via the cable
300, and serves as the connection unit 102. Although FIG.
12 shows an example in which the power management

device 100 has two connection units 102 including the USB
Connector 150 and the DC IN Jack 154, the configuration of
the power management device 100 1n accordance with the
embodiment of the present disclosure 1s not limited thereto.
For example, the power management device 100 1n accor-
dance with the embodiment of the present disclosure can

have either one of the USB Connector 150 or the DC IN Jack
154.

The PMIC 156 1s an IC having integrated therein various
circuits such as a processing circuit for implementing a
power management (PM) function and nonvolatile memory
capable of storing various variables that are updated when
the process related to the alforementioned power manage-
ment approach 1s executed, various preset values that are
used for the process related to the atorementioned power

management approach, and the like. The PMIC 156 serves
as the power management unit 106 that takes the iitiative
in performing the process related to the aforementioned first
power management approach to the process related to the
aforementioned third power management approach. The
PMIC 156 monitors the input voltage at a point indicated by
symbol I 1 FIG. 12, and detects a current flowing through
a point indicated by symbol I in FIG. 12 as the “System
Current” i FIGS. 7 and 10. Herein, when the power
management device 100 1n accordance with the embodiment
of the present disclosure 1s not the entire device (receiving
device) shown in FIG. 12 but the PMIC 156, the current
flowing through the point indicated by symbol I 1n FIG. 12
corresponds to the current needed by an external device. In
addition, the PMIC 156 controls charging and discharging of
the Battery 158.

The Battery 138 serves as the internal power supply 104.
The Battery 158 i1s charged in accordance with a current
supplied from the PMIC 156 and supplies power to the
PMIC 156 by discharging. The Battery 158 herein can be,
for example, a lithium-1on alloy secondary battery or a
lithium-10n polymer secondary battery.

The CPU 160 includes a CPU (Central Processing Unit),
various processing circuits, and the like, and serves as the
control unit 108 for controlling the entire power manage-
ment device 100.

The mDDR 162 serves as the RAM (not shown) and
temporarily stores programs and the like executed by the
CPU 160. In addition, the NAND Flash 164 serves as a
storage unit (not shown) and stores various data such as
applications.

Each of the Wireless Module 166 and the antenna 168 1s
communication means provided for the power management
device 100 to communicate with an external device such as
a server over a network (or directly), and serves as the
communication unit 110. The Wireless Module 166 and the
antenna 168 herein can be, for example, an IEEE 802.11¢g
port and a transmuitter/receiver circuit; an IEEE 802.15.4 port
and a fransmitter/recerver circuit; or a communication
antenna and an RF (Radio Frequency) circuit. Note that the
power management device 100 in accordance with the
embodiment of the present disclosure need not include
devices for performing wireless communication such as
those described above. For example, the power management
device 100 i1n accordance with the embodiment of the

present disclosure can have devices for performing wired
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communication with an external device over a network (or
directly) such as a LAN (Local Area Network) terminal and
a transmitter/recetver circuit.

Each of the Key Button 170, the TPC 172, and the Touch
Panel 174 1s operation means provided for the power man-
agement device 100 to be able to be operated by the user, and
serves as the operation unit 112. Note that the power
management device 100 1n accordance with the embodiment
of the present disclosure 1s not limited to the configuration
having the Key Button 170, the TPC 172, and the Touch
Panel 174 as the operation unit 112. For example, the power
management device 100 in accordance with the embodiment
of the present disclosure can have a cursor key or a rotary
selector such as a jog dial. In addition, the power manage-
ment device 100 1n accordance with the embodiment of the
present disclosure can be configured to be connectable to an
external operation device such as a keyboard or a mouse.

Each of the EPD Controller 176 and the EPD Panel 178

1s display means provided for the power management device
100, and serves as the display unit 114 capable of displaying
various information on a display screen. Note that the power
management device 100 1n accordance with the embodiment
of the present disclosure 1s not limited to the configuration

having a display device and a controller, which are con-

nected via an EDP (Embedded Display Port) like the EPD
Controller 176 and the EPD Panel 178, as the display unait
114. For example, the power management device 100 1n
accordance with the embodiment of the present disclosure
can have an organic EL display (an organic Electrolumi-
nescence display, or also referred to as an OLED display
(Organic Light Emitting Diode display)) as the display unit
114.

Each of the Audio Codec 180 and the HP Jack 182 1s
audio output means provided for the power management
device 100, and serves as an audio output unit (not shown)
for outputting audio (including music) in accordance with
audio data transmitted from the CPU 160, for example. Note
that the power management device 100 in accordance with
the embodiment of the present disclosure 1s not limited to the
configuration having the Audio Codec 180 and the HP Jack
182 as the audio output unit (not shown). For example, the
power management device 100 in accordance with the
embodiment of the present disclosure can have an audio
output device such as a DSP (Digital Signal Processor), an
amplifier, or a speaker as the audio output unit (not shown).

The power management device 100 with the configuration
shown 1n FIG. 12 performs the process related to the power
management approach in accordance with the embodiment
of the present disclosure. Note that the hardware configu-
ration of the power management device 100 in accordance
with the embodiment of the present disclosure 1s not limited
to the configuration shown in FIG. 12. For example, the
power management device 100 in accordance with the
embodiment of the present disclosure can be the PMIC 156
shown 1n FIG. 12. The power management device 100 being
the PMIC 156 means that FIG. 12 shows a receiving device
with a built-in power management device 100, and devices
other than the PMIC 156 1n FIG. 12 are external devices seen
from the power management device 100. Even in such a
case, the power management device 100 in accordance with
the embodiment of the present disclosure can perform the
process related to the power management approach 1n accor-
dance with the aforementioned embodiment of the present
disclosure. In addition, the power management device 100 1n
accordance with the embodiment of the present disclosure

can have a configuration that does not include any given
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device among the devices other than the PMIC 156 shown
in FIG. 12 and can also have a configuration that further
includes another device.

Referring again to FIG. 11, the components of the power
management device 100 will now be described. The con-
nection unit 102 1s connection means provided for the power
management device 100 to connect to the feeding device
200 via the cable 300. The connection unit 102 can be, for
example, the USB Connector 150 to which the feeding
device 200 that complies with the USB standard 1s con-
nected or the DC IN Jack 154 to which an AC adapter (an
example of the feeding device 200) 1s connected as shown
in FIG. 12.

Charging and discharging of the internal power supply
104 are controlled by the power management unit 106. The
internal power supply 104 1s charged in accordance with a
current supplied from the power management unit 106 and
supplies power to the power management unit 106 by
discharging. The internal power supply 104 herein can be,
for example, a lithium-ion alloy secondary battery or a
lithium-10on polymer secondary battery.

The power management unit 106 includes a load current
control unit 120, a determination umt 122, and a power
supply administration unit 124, and serves to take the
initiative in performing the process related to the power
management approach 1n accordance with the embodiment
of the present disclosure. The power management unit 106
herein includes, for example, various circuits for implement-
ing the power management function (or an IC in which the
various circuits are integrated).

The load current control unit 120 controls a load current
supplied from the feeding device 200 that 1s connected to the
connection unit 102.

More specifically, the load current control unit 120 sets an
upper limit on a load current supplied from the feeding
device 200 that 1s connected to the connection unit 102, and
controls the load current on the basis of the set upper limat.
Herein, the load current control unit 120, when changing
(adjusting) the currently set upper limit, resets the upper
limit 1n increments or decrements of a predetermined value.
Then, 1f the determination unit 122 has determined that the
upper limit has exceeded the current capacity of the feeding
device 200, the load current control unit 120 controls the
load current by resetting the upper limit to a value not
exceeding the current capacity. With such control of the load
current control unit 120, the power management device 100
can implement the process related to the alorementioned
first power management approach.

In addition, the load current control unit 120 compares the
currently set upper limit with information on the total
amount of current transmitted from the power supply admin-
istration unit 124, and adjusts the upper limit on the basis the
comparison result. More specifically, the load current con-
trol unit 120, when the total amount of current 1s greater than
the currently set upper limit, increases the upper limit, and
when the total amount of current 1s less than or equal to the
currently set upper limit, does not increase the upper limat.
With such control of the load current control unit 120, the
power management device 100 can implement the process
related to the atorementioned second power management
approach.

Further, the load current control unit 120 can separately
set the time for setting the upper limit to a lower value and
the time for setting the upper limit to a higher value. For
example, the load current control unit 120 can, when setting
the upper limit to a lower value, set the upper limit 1n a
shorter time than the time taken to set the upper limit to a
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higher value. With such control of the load current control
unit 120, the power management device 100 can implement
the process related to the aforementioned third power man-
agement approach.

In performing the process related to the aforementioned
first power management approach to the process related to
the atorementioned third power management approach, the
load current control unit 120, if the determination unit 122
has determined that the upper limit had exceeded the current
capacity of the feeding device 200, resets the upper limait to
a value that 1s lower than the currently set upper limit by a
predetermined value (one level lower upper limait). Accord-
ingly, the load current control unit 120 can extract from the
teeding device 200 the maximum load current out of a load
current that 1s extracted such that no excessive load 1is
applied to the feeding device 200.

Meanwhile, the load current control unit 120, after having
reset the upper limit to a lower value by a predetermined
value when the determination unit 122 had determined that
the upper limit had exceeded the current capacity of the
teeding device 200, need not set an upper limit that 1s higher
than the reset upper limit. As the load current control unit
120 adjusts the upper limit as described above, a state 1n
which no excessive load 1s applied to the feeding device 200
can be maintained.

The load current control unit 120 controls a load current
supplied from the feeding device 200 that 1s connected to the
connection unit 102 by performing the aforementioned
process, for example.

The determination unit 122, when the load current control
unit 120 has reset the currently set upper limit to a higher
value, determines 11 the upper limit has exceeded the current
capacity of the feeding device 200 on the basis of a voltage
drop level of the input voltage that 1s input from the feeding
device 200. More specifically, when the load current control
unit 120 has reset the currently set upper limit to a higher
value, the determination unit 122 calculates the differential
value between a voltage drop level corresponding to the
current reset (a first voltage drop level) and a voltage drop
level corresponding to the previous reset (a second voltage
drop level). Then, the power management device 100, 1f the
differential value 1s greater than a predetermined threshold

related to the voltage drop level, determines that the upper
limit has exceeded the current capacity of the feeding device
200.

The power supply administration unit 124 manages power
supply to the power management device 100 or to the power
management device 100 and an external device. In addition,
the power supply administration unit 124 transmits infor-
mation on the total amount of current to the load current
control unit 120.

The power management unit 106 serves to take the
mitiative 1 performing the process related to the power
management approach in accordance with the embodiment
of the present disclosure by having the load current control
unit 120, the determination unit 122, and the power supply
administration unit 124, for example. Note that the configu-
ration of the power management unit 106 of the power
management device 100 1n accordance with the embodiment
of the present disclosure 1s not limited to the example shown
in FIG. 11. For example, the power management device 100
in accordance with the embodiment of the present disclosure
can have any configuration that can implement the process
related to the aforementioned first power management
approach to the process related to the aforementioned third
power management approach.
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The control unit 108 includes, for example, a CPU and an
integrated circuit 1n which various processing circuits are
integrated, and serves to control the entire power manage-
ment device 100.

The communication unit 110 1s communication means of
the power management device 100, and communicates with
an external device (not shown) such as a server over a
network (or directly). The communication unit 110 herein
can be, for example, an IEEE 802.11¢g port and a transmaitter/
receiver circuit; an IEEE 802.15.4 port and a transmitter/
receiver circuit; a communication antenna and an RF (Radio
Frequency) circuit; or a LAN (Local Area Network) terminal
and a transmitter/receiver circuit.

The operation unit 112 1s operation means provided for
the power management device 100 to be able to be operated
by the user. With the operation unit 112, the power man-
agement device 100 can be operated by the user and can
perform a process desired by the user in response to the
operation of the user. The operation unit 112 herein can be,
for example, a button, a cursor key, or a touch panel.

The display unit 114 1s display means of the power
management device 100, and displays various information
on the display screen. A screen displayed on the display
screen of the display unit 114 can be, for example, a display
screen for displaying content such as an image (moving
image/still 1image), or an operation screen for causing the
power management device 100 to perform a desired opera-
tion. The display umt 114 herein can be, for example, a
display device connected with an EDP such as a liquid
crystal display (LCD) or an organic EL display.

With the configuration shown in FIG. 11, the power
management device 100 can implement the process related
to the power management approach in accordance with the
embodiment of the present disclosure. Thus, with the con-
figuration shown 1n FIG. 11, for example, the power man-
agement device 100 can stably extract a larger load current
from the feeding device 200. Note that 1t 1s needless to
mention that the configuration of the power management
device 100 i1n accordance with the embodiment of the
present disclosure 1s not limited to the example shown in
FIG. 11.

As described above, the power management device 100 1n
accordance with the embodiment of the present disclosure
sets an upper limit on a load current supplied from the
feeding device 200 that 1s connected to the connection unit
102, and controls the load current on the basis of the set
upper limit. Herein, the power management device 100,
when changing (adjusting) the currently set upper limut,
resets the upper limit in increments or decrements of a
predetermined value. Then, the power management device
100, upon determining that the upper limit has exceeded the
current capacity of the feeding device 200, controls the load
current by resetting the upper limit to a value not exceeding
the current capacity. More specifically, the power manage-
ment device 100, upon determining that the upper limit has
exceeded the current capacity of the feeding device 100,
controls the load current by resetting the upper limit to a
value that 1s lower than the currently set upper limit by a
predetermined value (one level lower upper limit). By
controlling the load current by adjusting the upper limit as
described above, the power management device 100 can
extract from the feeding device 200 the maximum load
current out of a load current that 1s extracted such that no
excessive load 1s applied to the feeding device 200. Thus, the
power management device 100 can stably extract a larger
load current from the feeding device 200 (the process related
to the first power management approach).
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In addition, the power management device 100 compares
the currently set upper limit with the total amount of current,

and adjusts the upper limit on the basis of the comparison
result. More specifically, the power management device 100,
if the total amount of current 1s greater than the currently set
upper limit, increases the upper limit, and if the total amount
of current 1s less than or equal to the currently set upper
limit, does not increase the upper limit. By performing such
control, the power management device 100 can prevent
undesirable situations that can occur if the upper limit 1s
adjusted to a higher value as shown 1n FIG. 4, and can stably
extract a larger load current from the feeding device 200 (the
process related to the second power management approach).

Further, the power management device 100 prevents an
excessive load from being applied to the feeding device 200
by varying the response time taken to increase the upper
limit and the response time taken to reduce the upper limat.
More specifically, the power management device 100, when
setting the upper limit to a lower value, sets the upper limait
in a shorter time than the time taken to increase the upper
limit, thereby setting the response time taken to reduce the
upper limit to be shorter than the response time taken to
increase the upper limit. By performing such control, the
power management device 100 can further prevent an exces-
s1ve load from being applied to the feeding device 200 upon
occurrence of a fluctuation 1n the mput voltage, for example
(the process related to the third power management
approach).

Thus, the power management device 100 can stably
extract a larger load current from the feeding device 200
regardless of the power capacity of the connected feeding
device 200.

Although the power management device 100 has been
described as an embodiment of the present disclosure, the
embodiment of the present disclosure 1s not limited thereto.
The embodiment of the present disclosure can be applied to
various devices that can be driven with power obtained from
a feeding device connected thereto via a wire or wirelessly
such as, for example, computers such as PCs (Personal
Computers) or servers, electric book readers, portable com-
munication devices such as portable phones, video/music
reproducing devices (or video/music recording/reproducing
devices), and portable game machines. In addition, the
power management device 100 in accordance with the
embodiment of the present disclosure can be applied to an
integrated circuit such as, for example, a PMIC, and can be
built 1n a device (a receiving device) that 1s driven with
power obtained from a feeding device connected thereto via
a wire or wirelessly.

Although the feeding device 200 has been described as an
embodiment of the present disclosure, the embodiment of
the present disclosure 1s not limited thereto. The embodi-
ment of the present disclosure can be applied to various
devices that can supply power to a power management
device connected thereto via a wire or wirelessly such as, for
example, AC adapters or devices that comply with the USB
standard.

Program in Accordance with Embodiment of the
Present Disclosure

Using a program for causing a computer to function as the
power management device 1n accordance with the embodi-
ment of the present disclosure (e.g., a program for causing,
a computer to function as the power managing unit 1n
accordance with the embodiment of the present disclosure (a
program for causing a computer to execute the process
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related to the power management approach in accordance
with the aforementioned embodiment of the present disclo-
sure)) allows a larger load current to be stably extracted from
a connected feeding device.

Although the preferred embodiments of the present dis-
closure have been described 1n detail with reference to the
appended drawings, the present disclosure i1s not limited
thereto. It 1s obvious to those skilled 1n the art that various
modifications or variations are possible msofar as they are
within the technical scope of the appended claims or the
equivalents thereot. It should be understood that such modi-
fications or variations are also within the technical scope of
the present disclosure.

For example, the power management device n accor-
dance with the embodiment of the present disclosure can
separately have the load current control unit 120, the deter-
mination unit 122, and the power supply administration unit
124 as individual units (e.g., can implement each unit with
an individual processing circuit).

The aforementioned description has illustrated that a
program (a computer program) for causing a computer to
function as the power management device in accordance
with the embodiment of the present disclosure can be
provided. Furthermore, an embodiment of the present dis-
closure can also provide a storage medium having such a
program stored therein.

The aforementioned configuration merely shows an
exemplary embodiment of the present disclosure. It 1is
needles to mention that such a configuration falls within the
technical scope of the present disclosure.

What 1s claimed 1s:

1. A power control apparatus, comprising:

power management circuitry configured to control a load

current recerved from a feeding device, wherein the
feeding device 1s connected to the power control appa-
ratus; and

a battery configured to supply power to the power man-

agement circuitry,

wherein the power management circuitry 1s further con-

figured to:

control supply of a first current to charge the battery;

set an upper limit on the load current received from the
feeding device;

control the load current based on the set upper limut;

reset the set upper limit in one ol increments or
decrements of the set upper limit;

calculate a differential value between a first voltage
drop level at a current reset and a second voltage
drop level at a previous reset; and

determine that the set upper limait at the current reset has
exceeded a current capacity of the feeding device
based on the differential value.

2. The power control apparatus according to claim 1,
wherein the differential value 1s calculated based on an
increment of the set upper limit.

3. The power control apparatus according to claim 1,
wherein the differential value 1s one of greater than or equal
to a threshold value.

4. The power control apparatus according to claim 1,
wherein the power management circuitry 1s further config-
ured to:

determine that the set upper limit has exceeded the current

capacity of the feeding device based on the reset of the
set upper limit to a first value, wherein
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the first value 1s higher than the set upper limit, and

the determination that the set upper limit has exceeded the
current capacity ol the feeding device i1s based on a
voltage drop level of an iput voltage input from the
feeding device.

5. The power control apparatus according to claim 4,

wherein the power management circuitry 1s further config-
ured to:
reset the set upper limit from the first value to a second
value, wherein
the second value 1s one of less than or equal to the current
capacity of the feeding device, and
the set upper limait 1s reset based on the determination that
the set upper limit has exceeded the current capacity of

the feeding device; and

control the load current received from the feeding device

based on the set upper limit reset to the second value.

6. The power control apparatus according to claim 5,
wherein the power management circuitry 1s further config-
ured to:

reset the set upper limit to a third value that 1s lower than

the set upper limit by a determined value,

wherein the set upper limait is reset to the third value based

on the set upper limit that has exceeded the current
capacity of the feeding device.

7. The power control apparatus according to claim 6,
wherein the power management circuitry 1s further config-
ured to reset the set upper limit to a lower value 1 a time
shorter than a time taken to reset the set upper limit to a
higher value.

8. The power control apparatus according to claim 1,
wherein the power management circuitry 1s further config-
ured to:

control supply of power to at least one of the power

management circuitry;

compare the set upper limit with a total amount of current

transmitted from the power management circuitry,

wherein the total amount of current 1s a total sum of a

second current required by the at least one of the power
management circuitry; and

increase the set upper limit based on the total amount of

current, wherein the total amount of current 1s greater
than the set upper limat.

9. The power control apparatus according to claim 1,
wherein the power management circuitry 1s further config-
ured to store the set upper limit as a maximum upper limit
of the load current received from the feeding device.

10. The power control apparatus according to claim 9,
wherein the power management circuitry 1s further config-
ured to reset the set upper limit to a fourth value that is one
of less than or equal to the maximum upper limit.

11. A method, comprising;

1n power management circuitry,

controlling a load current recerved from a feeding
device, wherein the feeding device 1s connected to a
power control apparatus;

controlling supply of a first current to charge a battery,
wherein the battery supplies power to the power
management circuitry;

setting an upper limit on the load current received from
the feeding device;

controlling the load current based on the set upper
limait;

) differential value 1s calculated based on an increment of the
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resetting the set upper limit 1n one of increments or
decrements of the set upper limit;

calculating a diferential value between a first voltage
drop level at a current reset and a second voltage
drop level at a previous reset; and

determining that the set upper limit at the current reset

has exceeded a current capacity of the feeding device

based on the differential value.

12. The method according to claim 11, wherein the

set upper limit.
13. The method according to claim 11, wherein the

differential value 1s one of greater than or equal to a
threshold value.

14. The method according to claim 11, further comprising

determiming that the set upper limit has exceeded the
current capacity of the feeding device based on the
reset of the set upper limit to a first value, wherein

the first value 1s higher than the set upper limit, and

the determination that the set upper limit has exceeded the
current capacity ol the feeding device i1s based on a
voltage drop level of an mput voltage input from the
teeding device.

15. The method according to claim 14, further comprising

resetting the set upper limit reset from the first value to a

second value, wherein

the second value 1s one of less than or equal to the current

capacity of the feeding device, and

the set upper limit 1s reset based on the determination that

the set upper limit has exceeded the current capacity of
the feeding device; and

controlling the load current received from the feeding

device based on the set upper limit reset to the second
value.
16. The method according to claim 15, further comprising
resetting the set upper limit to a third value that 1s lower
than the set upper limit by a determined value,

wherein the set upper limait 1s reset to the third value based
on the set upper limit that has exceeded the current
capacity of the feeding device.

17. The method according to claim 16, further comprising
resetting the set upper limit to a lower value 1n a time shorter
than a time taken to reset the set upper limit to a higher
value.

18. The method according to claim 11, further compris-
ng:

controlling supply of power to at least one of the power

management circuitry;

comparing the set upper limit with a total amount of

current transmitted from the power management cir-
cuitry,

wherein the total amount of current 1s a total sum of a

second current required by the at least one of the power
management circuitry; and

increasing the set upper limit based on the total amount of

current, wherein the total amount of current 1s greater
than the set upper limit.

19. The method according to claim 11, further comprising
storing the set upper limit as a maximum upper limit of the
load current received from the feeding device.

20. The method according to claim 19, further comprising
resetting the set upper limit to a fourth value that 1s one of
less than or equal to the maximum upper limat.
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